Pancreatic secretion in the rat was stimulated in vivo by pilocarpine injection causing 90% of the storage granules to be discharged within 2 h . Incubation in vitro with [14C]sorbitol indicated that maximal ingestion of this extracellular space marker occurred 3 h after secretogogue injection . Morphological cell membrane measurements on cells with stimulated secretion revealed a simultaneous decrease in amount of membrane bordering the microvilli at the cell apex, lamellar processes, and infoldings present at the latero-basal face of these cells. In 3-h stimulated cells, having the average zymogen granule content characteristic for that phase of secretion, ferritin treatment in vitro showed that the infoldings and related fragmentation vesicles had ingested ferritin and could consequently be considered as being transport vehicles for redundant cell membrane . During stimulated secretion numerous vesicles and vacuoles appeared in the apical cytoplasm . Part of these structures were postulated to be related to the Golgi complex and were discussed in relation to secretory protein transport . Another part of these structures was assumed to have an endocytotic nature, although they never contained ferritin .
INTRODUCTION
The exportable proteins of a variety of exocrine and endocrine gland cells have been described as being packed in membrane-bounded granules . In merocrine (eccrine) gland cells, such as the exocrine pancreas cell, the granule membranes fuse during secretion with the cell membrane and become part of it . Meanwhile the secretory proteins are extruded through a gap in the membrane at the place of fusion . It is evident that the gland cell must have a means by which it can remove the extra membrane contributed to the cell membrane during secretion, because no conspicuous volume increase takes place during cell life .
Only a few relevant studies have been published that concern cell membrane reduction during the secretory cycle of endocrine and exocrine cells .
In the chromaffin cells of the adrenal medulla, secretion has been found to be merocrine by fractionation experiments with dopamine /3-hydroxylase as a marker for the granule membranes (1) . At the site of exocytosis, vesicles occur that seemed to be pinched off from the cell membrane and to return into the cytoplasm (2) . In the parotid gland massive secretion of enzyme is followed by an enlargement of the acinar lumina . The subsequent reduction of these lumina is accompanied by the appearance of numerous smooth-surfaced vesicles in the cell apices (3) . In all of these investigations it was suggested on THE JOURNAL OF CELL BIOLOGY • VOLUME 57, 1973 . pages 159-174morphological grounds that cell membrane reduc tion is accompanied by endocytosis . However, these results cannot be interpreted unambiguously, since no evidence was presented to indicate the direction of vesicle movement, that is, it remains questionable whether the vesicles are endocytotic or exocytotic . We endeavored to prove the endocytotic nature of the membrane reduction process by studying the uptake of extracellular space markers. We have worked with pancreas cells in which secretion was stimulated in vivo by pilocarpine . The phase in the secretory cycle during which vesicular membrane withdrawal is optimal could be detected by a subsequent in vitro incubation of tissues slices in the presence of sorbitol, which cannot penetrate the membrane passively. It appeared that 3 h after the onset of the stimulated secretion the tissue slices had taken in a maximal amount of sorbitol that could not be washed out . Incubation of 3-h stimulated slices with ferritin (which is an electron microscope detectable extracellular space marker) revealed that at least one way of cell membrane resorption in the pancreas cell is achieved by infolding and subsequent fragmentation of the lateral and basal cell membrane .
MATERIALS AND METHODS

Stimulation of the Secretion
Male albino Wistar rats (obtained from Centraal Proefdierenbedrijf TNO, Zeist), weighing approximately 350 g each, were fasted for 24 h, but given free access to water.
The secretogogue was pilocarpine nitrate (Brocacef, Utrecht), dissolved in physiological saline (100 mg per ml) . This solution was introduced by tail vein injection at a dose of 10 mg per 100 g body weight . The animals were killed by decapitation 1, 2, 3, and 4 h after injection .
Experiments with [ 14C]Sorbitol
Five rats at each time interval after the application of the drug and five unstimulated controls were used in these experiments. The pancreas was freed from adherent fat and connective tissue, and slices of about 0 .5 X 0 .5 X 2 mm were cut with a tissue sectioner (Ivan Sorvall, Inc ., Newtown, Conn .) . Approximately 200 mg of slices were preincubated ) for 10 1 All incubations were performed under a humidified gas mixture (1 atm) of 95% 02 and 5% CO2 under gentle shaking in a water bath kept at 37°C . 1 6 0 T11E JOURNAL OF CELL BIOLOGY • VOLUME 57, 1973 min in 25-ml flasks, containing 2 ml of KrebsHenseleit bicarbonate buffer at pH 7 .4 with addition as described before (12) . Next, the slices were transferred to another 2 ml of the same medium to which was added 1 µCi of [ 19C]D-sorbitol (7 mCi/mmol, The Radiochemical Centre, Amersham, Buckinghamshire, England) . After 30 min of incubation the medium was poured off and the pancreas slices were washed intensively for 10 min at 0°C in several changes of incubation medium containing a 1,000-fold excess of unlabeled D-sorbitol. The pancreas was homogenized with a Potter homogenizer (Potter Instrument Co ., Inc ., Melville, N . Y .) . The radioactivity in homogenate samples was counted in a dioxane based scintillation mixture with a liquid scintillation counter (Packard Instrument Co ., Inc ., Downers Grove, Ill .) . The amount of DNA per sample was determined according to Burton (4) .
Experiments with Ferritin
Three 3-h stimulated rats and two unstimulated control rats were used in the experiments with ferritin . For the preparation of ferritin the procedure of Amsterdam et al . (3) was essentially followed . The aqueous ferritin solution (Schwarz/Mann, Orangeburg, N. Y .) was centrifuged for 2 h at 200,000 g . The resulting pellet was suspended in 3 ml of KrebsHenseleit bicarbonate buffer, pH 7 .4, and the suspension was dialyzed against two 500-m1 changes of the buffer for 24 h at 4°C. The ferritin was used at a concentration of about 20% (wt/vol) .
About 25 mg of sliced pancreas was incubated in 2 ml of the ferritin suspension for 30 min under the conditions described for sorbitol . In one experiment, the ferritin incubation time was extended to both I and 2 h, respectively . After incubation, one portion of tissue was fixed at once for electron microscopy . Another portion of tissue was washed for 30 min in five changes of cold (0°C) medium, from which ferritin had been omitted . After washing, the colorless supernatant was decanted and the tissue was fixed .
Tissue Processing for Microscopy
Tissue was fixed for light and electron microscopy for 2 h in Veronal-buffered 1 % Os04 at pH 7 .4, and en bloc stained for 30 min with 1 % aqueous uranyl acetate solution . Dehydration in an upgraded ethanol series and embedding in Epon 812 followed .
Zymogen granules were counted under the phasecontrast microscope . To enhance contrast, I -Mm-thick sections were stained in silver methenamine : the sections were floated for 15 min on a 1 % aqueous solution of periodic acid in a 2-ml trough at room temperature . After short rinsing with water, the trough was filled with 2 ml of a stock solution of silver methenamine, composed of 18 ml of 3% hexamine, 2 ml of 5 0 70 silver nitrate, and 2 ml of 1 .9% borax . The sections were incubated in this solution for 10 min at 60°C . Finally, the reaction was stopped with sodium thiosulphate .
Ferritin localization was studied mostly in unstained ultrathin (grey) sections . Some sections were stained, however, with alkaline bismuth nitrate (E . Merck AG, Darmstadt, W. Germany) for 30 min at room temperature according to the method recently proposed by Ainsworth and Karnovsky (5) . This staining intensified ferritin electron opacity and enhanced tissue contrast . Electron micrographs were taken with a Siemens Elmiskop I electron microscope
Morphological Quantification
Three groups of two stimulated animals (killed 1, 2, and 3 h after injection with pilocarpine) and two unstimulated control animals were used to quantify zymogen granule content and cell membrane length . Pancreas slices were prepared and incubated as described for the ferritin experiments, except that ferritin was omitted from the medium .
Granule Countings
In order to test the effectiveness of the secretogogue, the numbers of zymogen granules were counted with phase-contrast microscopy in 1-µm silver methenamine stained sections . From each pair of animals 20 cells were selected (10 cells per animal), each cell section showing the nucleus and the luminal cell membrane . It turned out to be impossible to count zymogen granules in 3-h stimulated cells because of the too-small dimensions of the granules present at that time.
Membrane Measurements
An attempt was made to quantify changing amounts of cell membrane of the cells during the 3 h of stimulated secretion . The best method is to measure whole cell perimeters in axially sectioned cells bordering the lumen, at each of the three intervals after the onset of stimulated secretion. However, because of the presence of numerous small interdigitations and lamellar processes in the lateral and basal cell membrane (Fig . 17) , and microvilli at the luminal cell face, these estimations would have to be done on an ultrastructural level . Obviously, in ultrathin sections, a large variation in apparent cell perimeters can be expected, and hence a very large number of cells would have to be measured . For practical reasons another method was followed .
Using the phase-contrast microscope and 1-µm sections, a selection was made for areas composed of cells having the calculated mean number of zymogen granules characteristic for each particular stimulation time . After trimming, gold-colored sections (approximately 1,000 A) were cut from these areas, and poststained with lead acetate . For each pair of animals, 20 electron micrographs of cell membranes were taken at random, with 6 X 9 mm rollfilm and an instrumental magnification of 7,000 . Using a photographic enlarger, the negatives were projected on a table at a final magnification of 63,000 . With the aid of a curvimeter the following two measurements were performed : (a) the cell membrane with all its lamellar processes, infoldings, and microvilli, provided that continuity with the cell membrane could be seen ; (b) the cell outline overlooking all those membrane extensions. The ratio of a and b (called "membrane ratio" in this article) was used as a measure of the "redundancy" of cell membrane at a given time after the application of secretogogue . The membrane ratio only applies to the cell surface area considered and does not of necessity concern the total amount of cell membrane per cell . The ratios were determined separately for the latero-basal cell membrane and for the luminal membrane between the tight junctions .
RESULTS
Sorbitol Experiments
This investigation is based on the hypothesis that the contingent removal of cell membrane is accomplished by endocytosis . Since no information is available about the phase in the secretory cycle during which superfluous cell membrane is removed, we marked the extracellular space with labeled sorbitol, which is known to pass biological membranes with great difficulty (6) . We then determined the time, after the onset of stimulated secretion, at which a maximal amount of sorbitol stays behind in the tissue slices after an extensive washing . Sorbitol ingestion, which is most likely effected by endocytosis, is in each case expressed as cpm per ,ug of DNA (called sorbitol index) .
As Table I shows, 3 h after secretogogue injection, four of the five pancreases used revealed sorbitol indices higher than those of the respective controls . In addition, at this time the mean index value was the highest . It was concluded that endocytotic processes in pancreas are to be encountered most frequently 3 h after stimulation with secretogogue .
Morphology of Stimulated Acinar Cells
The structure of unstimulated pancreas cells is well known (Fig . 1) . Structural changes arising during stimulated secretion correspond generally with GEUZE AND PooaT Cell Membrane Resorption in the Rat Exocrine Pancreas Cell * Pancreatic slices were incubated for 30 min at 37°C in medium containing [14C]sorbitol . The slices were washed in a medium containing a large excess of unlabeled sorbitol and homogenized in incubation medium . (7), and so will be dealt with only briefly . Attention will be given particularly to structural aspects that are pertinent to membrane withdrawal .
PHASE-CONTRAST MICROSCOPY :
At the light microscope level two major changes were found to take place after stimulation . First, it appeared that within 1 h of pilocarpine injection, 79% of the zymogen granules had already been discharged (see Table II and Fig. 2 ) . The relatively large standard deviation at I h reflects a large variation in zymogen granule content among the cells . After 2 h of stimulation, the cells show a uniformly empty appearance (Fig . 3) , and have secreted 90% of their granules . At this time the acini are small due to the consequential decrease in cell volume .
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During the secretion period concerned, no apparent widening of the acinar lumina occurred . Furthermore, large diverticula of the lumina extending into the cytoplasm, as described for the guinea pig pancreas (7), were not observed .
ELECTRON MICROSCOPY : As apparent from the sorbitol experiments, the ultrastructure of pancreas cells 3 h after stimulation should especially reflect endocytosis . Consequently, in the following description attention will mainly be given to the cell membrane and adjacent cytoplasm of 3-h stimulated cells, containing the zymogen granule content, characteristic for this phase of the secretory cycle .
In the apical cytoplasm of these cells vesicles (coated and uncoated), vacuoles and extremely small zymogen granules are present. There is a gradual transition in vesicle content density and texture between the empty smallest vesicles and the electron-opaque, minute zymogen granules (Fig . 14) . Frequently, condensing vacuoles were found closely opposed to the luminal membrane (Fig. 15) . It appeared that the number of both small empty vacuoles and larger, more dense vacuoles increased with stimulation time .
As in unstimulated cells, the lateral and basal cell membranes of 3-h stimulated cells showed numerous lamellar processes approximately 0 .1 pm thick and 2 µm long (Figs . 5 and 17) . The processes mostly ran parallel to the cell membrane, piled in stacks which seemed to originate from multiple plications of the cell membrane . Most of these processes were present on the basal membrane and the lower third of the lateral cell membrane . The lateral processes interdigitate extensively with those of the neighboring acinar cells . Apart from these lamellar processes, tubular or sheetlike infoldings, enclosing a narrow space, originate from the lateral cell membranes of stimulated cells (Figs . 7-10 ) . Sometimes it can be seen that the infoldings are branched, or have the appearance of fenestrated cisternae . Most cell sections show one or two infoldings, the deeper parts of which appear to fragment into short tubules and vesicles, often forming ringlike configurations (Fig . 10) . (15) . As is shown in Table III the X 55,000 . Fig. 6 , unstained section . Free phagocytotic vacuole (V) containing parietal, moderately dense material that is loaded with ferritin . CM, cell membrane . X 55,000. branes, presumably with the external mucopolysaccharide coating of the cell . In both stimulated and unstimulated cells the lamellar processes at the cell bases were apparently involved in phagocytosis . As can be seen in Fig . 5 , ferritin is ingested by invagination of the cell membrane or by a turning back of lamellar processes to enclose small amounts of extracellular material . In this process the course of the basal lamina remains unaltered . The developing phagocytotic vacuoles become isolated from the cell membrane by membrane fusion . The ferritin particles in the vacuoles have a parietal location in a moderately electron-opaque layer, probably representing basal lamina-derived material (Figs . 5 and 6) . The free vacuoles had a diameter of approximately 0 .5 µm. In cells incubated for 30 min, vacuoles could be found proximal to the nucleus, but most were located within a zone extending to 2 µm from the cell membrane (Fig .  6 ) . This type of vacuole was occasionally found in tissue fixed immediately without incubation .
A remarkable feature of stimulated cells is that ferritin also penetrates the infoldings of the laterobasal cell membrane which appear to fragment, deeper in the cytoplasm, into short tubules and vesicles (Figs . 7-10 ) . Ferritin particles were found to be present in all of these structures, and ferritincontaining vesicles were encountered up to 3 µm from the cell membrane . These vesicles tend to cluster, and in 30-min incubated cells they have no constant topographical relationship to any particular organelle . In slices from which the extracellular ferritin was almost completely removed by washing, the vesicles and tubules and, to a lesser extent, the infoldings keep their ferritin content .
The persistent presence of ferritin in free tubules and vesicles indicates that their bordering membranes originate from the cell membrane .
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THE, JOURNAL OF CELL BIOLOGY • VOLUME 57, 1973 This deduction is supported by bismuth staining patterns. In our hands, bismuth nitrate enhanced the contrast of cell membranes and the membranes of infoldings and fragmentation vesicles more than that of the other membranes (Figs  8-10 ) . The most deeply located vesicles were less heavily stained (Fig . 9) .
Ferritin was absent from most acinar lumina . Apparently, ferritin penetrates the acini by way of the interstitium, through the basal lamina into the intercellular cleft, and cannot pass the junctional complex (Fig . 13) . In some acini at the margin of the tissue slices, however, ferritin had reached the lumina, (Figs . 11 and 12 ) . Most likely, ferritin could enter these lumina because the acini were cut during tissue slicing . It appeared that the ferritin particles were exclusively associated with filamentous material situated in the centers of the Lumina . Between this material (which is probably coagulated secretory protein) and the cell membrane lies an electron-transparent, ferritin-free area accurately following the contours of the microvilli, such that particles never appear to adjoin the luminal membrane .
The 3-h stimulated cells have numerous ferritinfree vesicles, with either bristle-coated or uncoated membranes, in the cytoplasm adjacent to the luminal membrane . In Figs . 14 and 15 it can be seen that the vesicle diameters vary widely . The classification of apical vesicles is complicated in many cells by having the Golgi system located close to the luminal membrane . In these cases the apical vesicles are mixed with the vesicles of the Golgi system, which are also partly coated, partly uncoated .
In 3-h stimulated cells many fission or fusion patterns were found between vesicles and cell membrane (Fig. 16) . The membranes of the pits, either coated or uncoated, show a bismuth nitrate FIGURES 11 and 12 Electron micrographs of pancreatic tissue, stimulated in vivo for 3 h and incubated with ferritin in bicarbonate buffer for 30 min . Sections stained with bismuth nitrate . Acinar lumina (L) close to the periphery of a tissue slice . Ferritin has penetrated the lumina and is associated with filamentous material. There is a ferritin-free rim between this material and the cell membrane . Ferritin is also absent from the smooth-surfaced vesicles (V) adjacent to the cell membrane. ZG. zymogen granules . X 40,000.
FIGURE 13
Electron micrograph of pancreatic tissue stimulated for 3 h and incubated with ferritin for 1 h . Unstained section . Ferritin has penetrated the intercellular cleft up to the junctional complex (JC) but is absent from the lumen (L) . The large lysosome (Ly) in the vicinity of the Golgi complex (GC) has accumulated ferritin. X 42,000. Note the small diameters and irregular shape of some of the zymogen granules (3) . GC, Golgi complexes ; L, lumen ; TW, terminal web. X 30,000 . In one experiment, 3-h stimulated tissue was incubated with ferritin during I and 2 h, respectively. As is shown in Fig . 13 , after 1 h of ferritin incubation ferritin is already present in lysosomes, where it is located between whorls of membranelike material . After both intervals smooth-surfaced, ferritin-containing vesicles were occasionally encountered in the vicinity of the lysosomes . However, pictures suggestive of fusion of vesicles with lysosomes were never observed . Though it was found that condensing vacuoles frequently bore a coated or uncoated vesicle, it is worthwhile to note that these vesicles never contained ferritin . 
